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[Dociiment Name] Specification 

[Title of the Invention] Generator-Motor 

[Scope of Claims for Patent] 

[Claim 1] A generator-motor comprising: 

a inotor inchiding a iDtor and a stator and attaining a fimction as a motor-generator, 
first, second and Ifaird electrode plates ananged on an end svJD&ce of said motor so as 
to substantially form all-shape to surround a rotation shaft of said motor, and 

a polyphase switching elemrat gioi^ controlling a current sillied to said stator, 

vvtoein 

said polyi^iase switching elem»it group includes a plurality of arms, a number of the 

arms corresponding to a number of phases of said motor, and each arm constituted of first 

and second switching elements, 

said first electrode plate is arranged in a position ipiit fixim said rotation shaft by a 

prescribed distance in a direction perpendicular to said rotation shaft, 

said second and third electrode plates are arranged outside said first electrode plate, 
said first and second switching elements are connected electrically in series between 

said first electixxle plate and said third electrode plate, 

said plurality of first switching elements are arranged on said first electrode plate, and 
said phnality of second switdiing elements are arranged on said second electrode 

plate. 

[Claim 2] The generator-motor accoicling to claim 1 , finlfaer comprising a control 
circuit controlling said plurality of first and secraid switching elemmts, wherein 

said control circuit is provided on a ceramic substrate arranged in a direction similar 
to an inplane direction of said first, second and fliird electrode plates in a substantially U- 
shaped notch. 

[Claim 3] The generator-motor according to claim 2, finfter ccnnpnsing: 

a plurality of first wires connecting said coitrol circuit to said plurality of first switching 
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elements; and 

a plurality of second wires cotmecting said control circuit to said plurality of second 

switdung elements; wdiercin 

said plurality of first wires are arranged between said rotatirai shaft and said first 

electrode plate so as to surroimd said rotation shaft, and 

said plurality of second wires are arranged between said rotation shaft and said first 

electrode plate and between said first electrode plate and said motor. 

[Claim 4] The generator-motor according to any one of claims 1 to 3, whwein 

said first and second electrode plates are arranged in a first plane, and 

said tiiird electrode plate is arranged in a second plane different fiom said first plane. 

[Claim 5] The generator-motor accoiding to claim 4, \niierein 

said second plane is located closer to said motor than said first plane is. 

[Claim 6] Hie generator-motor according to any one of claims 1 to 5, '^^erein 

said plurality of aims are radially arranged in the iiplane direction of said first, second 

and third electrode plates. 

[Claim 7] The generator- motor according to any one of claims 3 to 6, >\iierein 

each of said plurality of first and second switching elements includes 

a control toininal receiving a coQirol signal fixim said phirality of finft wires or said 

plurality of second wires, 

an iipit temunal receiving a direct current, and 

an ou^ traininal oulpulting a direct current in accordance with control contents by 
said control signal, 

said input terminal of said first switdiing element is in contact with said first electrode 

plate, 

said control teraiinal of said first switehing element is arranged on a side of said 
rotation shaft and omnected to said first wire, 

said ou^ terminal of said first switdiing element is arranged on a side of said second 
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electrode plate and connected to said second electrode plate, 

said input terminal of said second swdtdiing elemoit is in contact with said second 
electrode plate, 

said control terminal of said second switching elemoit is arranged on a side of said 
rotation shaft and connected to said second wire, and 

said ou^ terminal of said second switching element is arranged on a side of said 
third electrode plate and connected to said third electrode plate. 
[£)etailed Descrqjtton of die bvention] 

[Technical Field to Which flie Invaition Belongs] 

The present invention relates to a generator-mottM- including a control device on an 
end sur&ce, and more particularly to a generator-motor attaining high cooling efiBdency of a 
control device. 

[Prior Art] 

Japanese Patent Laying-Open No. 2-2668SS discloses a starter-generator attaining a 
function as a three-phase motor starting an engine mounted on a vehicle and a function as a 
toee-phase AC generator charging a battery. 

Refemng to Fig. 9, a starter-generator 300 disclosed in Jspinese Patent Laying- 
Open No. 2-2668SS includes a motor unit 301 and a drive unit 302. Motor unit 301 
includes a stator and a rotor. Drive unit 302 is provided on an end sur&ce 301A of motor 
unit 301. Drive unit 302 inchides a cylindrical member 302A and a power module 302B. 
Power module 302B is formed on a surfece of cylindrical member 302A. That is, power 
module 302B is ananged in a direction perpendicular to a radial direction 303 of cylindrical 
member 302A and in a longitudinal direction 304 of a rotation shaft 301 B of motor unit 301. 

Power module 302B feeds a current to a coil included in motor unit 301 and drives 
motor unit 301 so that the rotor ouQnits a prescribed torque. When the rotor in motor unit 
301 rotates by rotation power of an engine, an AC voltage induced in three stators is 
converted to a DC voltage, whereby a battery is charged. 
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In this manner, power module 302B is provided on end surface 301A of motor unit 
301, and drives motor unit 301 as a motor or a generator. 

Patait Document 1: Japanese Patent Laying-Open No. 2-266855 
Patent Document 2: Japanese Patent Laying-Open No. 2001-251898 
Patent Document 3: Japanese Patent Laying-Open No. 7-184361 
[Problems to be Solved by the Invention] 

On the other hand, as Japanese Patent Laying-Open No. 2-266855 does not clearly 
disclose a position v/here an electrode included in the power module is arranged, it is difficult 
to aihance efficiency in cooling the power module in the conventional starter-generator. 

In addition, as Japanese Patent Laying-Open No. 2-266855 does not clearly disclose 
a position -wbsxe a wire to the power module is arran^ eiflier, it is difficult to achieve shorter 
lengdi and sinplification of die wires in the conventional starter-generator. 

From Ifae fijregoing, die present invention was made in order to solve the above- 
described problems, and an object of die present invention is to provide a generator-motor 
including a control device attaining high cooling efficiency. 

Another object of the present invention is to provide a generator-motor attaining 
shorter length and simplification of wires. 

(Means for Solving Ifae Problems and Effects of tfae bvention] 

According to the present inventicm, a generator-motor inchjdes a motor, a first 
electrode plate, a second electrode plate, a third electrode plate, and a polyphase switehing 
element grovq>- The motor includes a rotor and a stator, and attains a fimction as a motor- 
generator. The first, second and fliird electrode plates are arranged on the end surface of 
die motor so as to substantially form a U-shape to surround die rotation shaft of die motor. 
The polyphase switohing element group controls a current siqiplied to die stator of die motor. 
The polyphase switching element ffoap includes a plurality of arms. The number of the arms 
corresponds to the number of phases of the motor, and each arm is constituted of first and 
secMid switehing elements. The first electrode plate is arranged in a position apait fixnn die 
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rotation shaft of Ihe motor by a prescribed distance in a direction perpendicular to the rotation 
shaft. The second and third electrode plates are arranged outside the first electrode plate. 
The first and secaid switching elements are cramected electrically in series between the first 
electrode plate and die third electrode plate. The plurality of first switdiing elements are 
arranged on the first electrode plate, and die plurality of second switching elements are 
arranged on the second electrode plate. 

Preferably, the generator-motor fimho- inchides a control circuit. The control circuit 
controls a phnality of first and second switdiing elements. Tlie control circuit is pravided on 
a ceramic substrate arranged in a direction the same as an iiq)lane direction of flie first, second 
and dmd electrode plates in a substantially U-shaped notch. 

Preferably, the generator-motor finiha: includes a phnality of first wires and a plurality 
of second wires. Tlie plurality of first wires connect the control circuit to the phnality of first 
switdiing elanaits. The phnality of second wires connect flie control circuit to the phnality 
of second switching elements. The phnality of first wires are arranged between fee rotation 
shaft of the motor and the first electrode plate so as to surround the rotation shaft. Tlie 
plurality of second wires are arranged between the rotation shaft of the motor and flie first 
electrode plate and between the first electrode plate and the motor. 

Preferably, the first and second electrode plates are arranged in a first plane. The 
Hard electrode plate is arranged in a second plane different from the first plane. 

Preferably, the second plane is closer to the motor dian the first plane is. 

Preferably, the phnality of arms are arranged radially in die iaphas direction of die 
first, second and diird electrode plates. 

Preferably, each of the plurality of first and second switching elements has a control 
terminal, an iiqnit terminal, and an ou^ terminal. The control terminal receives a control 
signal fixim die phnality offirst wires or die phnality of second wires. The input terminal 
receives a direct current The ou^ terminal ou^uts a direct current in accordance with 
control contents by die control signal The iipit terminal of die first switdiing elemoit is in 
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contact with the first electrode plate. The control terminal of flw first switdiir^ element is 
arranged on a side of the rotation shaft and connected to the first wire. The ou^ut terminal 
of the first switching element is arranged oa a side of the second electrode plate and 
connected to the second electrode plate. The iiqnit terminal of the second switching element 
is in contact with flie second electrode plate. The control terminal of flie second switching 
element is arranged on the side ofdie rotation shaft and connected to the second wire. The 
output terminal of the second switching element is arranged on a side of the third electrode 
plate and connected to the third electrode plate. 

In the generator-motor according to the present invention, the first switching element 
constituting each arm is arranged on the first electrode plate arranged in an imwmiost portion 
in the end surfece of the motor, and tiie second switching element is arranged on flie second 
electrode plate arranged outside flie first electrode plate. 

Hieiefore, according to flie present invention, the first and second switching elements 
can eflBdenfly be cooled by an air flow introduced in flie motor. 

Moreover, in flie generator-motor according to flie present invention, flie control 
circuit controlling flie first and second switdiing elements is arranged in a plane where die first, 
second and fliird electrode plates are present and in flie notch in flie first, second and fliird 
electrode plates. The wire connecting flie conbx>l circut to flie first switdiing elenient is 
arranged between flie rotation shaft of flie motor and flie first electrode plate, and flie wire 
connecting flie control circuit to flie second switching element is arranged between flie rotation 
shaft of flie motor and flie first electrode plate and between flie first electrode plate and flie 
motor. 

Therefore, according to flie present invoition, flie wire can be shoita- and sinqilified. 

[Embodiments] 

In tiie following, embodiments of tiie present invention will be described in detail with 
reference to the figures. It is noted that flie same reference characters refer to tiie same or 
corresponding components in flie figures. 
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Referring to Fig. 1, a generator-inotor 100 according to the present invention includes 
Zener diodes 21, DTI to DT3, MOS transistors Trl to Tr6, a power source 26, an MOS 
driver 27, an alternator 50, a custom IC 70, electrode plates 81, 82A to 82C, 83, a substrate 
84, teraiinals 84A to 84D, and wires 85A to 85D, 86A to 86D. 

Electrode plates 81, 82A to 82C, 83 and substrate 84 are formed on an end sui&ce 
of alternator 50. Electrode plate 81 has a substantial U-shape, and is provided around a 
rotation shaft 50A of alternator 50. Electrode plates 82A to 82C are provided so as to 
substantially form a U-shape outside electrode plate 81 to surround electrode plate 81. 
Electrode plates 82A to 82C are arranged at prescribed intervals from each other. 
Electrode plate 83 is ananged in a positirai at a distance from rotation shaft 50A substantially 
the same as the distance between electrode plates 82A-82C and rotation shaft 50A. A 
portion of electrode plate 83 is arranged under electrode plates 82A to 82C. Substrate 84 
is arranged in a direction die same as an iiq>lane direction of electrode plates 81, 82A to 82C, 
83 in a substantially U-shaped notch in electrode plate 81. 

MOS transistors Trl, Tr3, Tr5 are arranged on electrode plate 81, MOS transistor 
Tr2 and Zener diode DTI are arranged on electrode plate 82A, MOS transistor Tr4 and 
Zener diode DT2 are arranged on electrode plate 82B, and MOS transistor Tr6 and Zener 
diode DT3 are arranged on electrode plate 82C. 

MOS transistor Trl has the drain connected to electrode plate 81 and the source 
connected to electrode plate 82A. MOS transistor Tr2 has the drain connected to 
electrode plate 82A and the source coonectBd to electrode plate 83. Zener diode DTI has 
one terminal connected to electrode plate 82A and the other terminal connected to electrode 
plate 83. Electrode plate 82A is connected to one end 51 A of a U-phase coil of alternator 
50. 

MOS transistor Tr3 has the drain connected to electrode plate 8 1 and tiie source 
connected to electrode plate 82B. MOS transistor Tr4 has the drain connected to electrode 
plate 82B and the source connected to electrode plate 83. Zener diode DT2 has one 
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teraiinal connected to electrode plate 82B and the other terminal connected to electrode plate 
83. Electrode plate 82B is connected to one end 52A of a V-phase coil of alternator 50. 

MOS transistor Tr5 has the drain connected to electrode plate 81 and the source 
connected to electrode plate 82C. MOS transistor Tr6 has the drain connected to 
electrode plate 82C and the source connected to electrode plate 83. Zener diode DT3 has 
one terminal connected to electrode plate 82C and the other terminal connected to electrode 
plate 83. Electrode plate 82C is connected to one end 53A of a W-phase coil of alternator 
50. 

Therefore, MOS transistors Trl, Tr2 are connected in series between electrode 
plates 81 and 83 through electrode plate 82A. k addition, MOS transistors Tr3, Tr4 are 
connected in series between electrode plates 81 and 83 through electrode plate 82B. 
Moreover, MOS transistors Tr5, Tr6 are connected in saies between electrode plates 81 
and 83 1hroug}i electrode plate 82C. Electrode plates 82A to 82C are connected to the U- 
phase coil, tiie V-phase coil and the W-phase coil of alternator 50, respectively. 

MOS transistors Trl, Ti2 constitute a U-phase arm, MOS transistors Tr3, Tr4 
constitute a V-phase arm, and MOS transistors Tr5, Tr6 constitute a W-phase arm. The 
U-phase arm, the V-phase arm and the W-phase arm are ananged radially fiom rotation 
shaft 50A toward an outer circumference in a plane perpendicular to rotation shaft 50A. 

Substrate 84 is implemented by a ceramic substrate. Power sapply 26, custom IC 
70, MOS driver 27, and terminals 84A to 84D are arranged on substrate 84. Power supply 
26, custom IC 70, and MOS driver 27 are resin-molded on substrate 84. 

Terminal 84A receives a signal M/G and aatpats the received signal M/G to custom 
IC 70 flirough wire 85A. Terminal 843 receives a signal RLO, and outputs received signal 
RLO to custom IC 70 through wire 85B. Terminal 84C receives a signal CHGL, and 
outputs received signal CHGL to custom IC 70 through wire 85C. Terminal 84D receives a 
DC voltage output fiiom a battery (not shown) and aqjpUes the received DC voltage to power 
supply 26 through wire 85D. 
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In wiring fiom substrate 84 to electrode plates 81, 82A to 82C, wires 86A to 86F 
are arranged along a circumference surrounding rotation shaft 50A in a space between 
rotation shaft 50A and electrode plate 81. Then, wire 86B is bent at a point C, and extends 
under electrode plate 81 (between electrode plate 81 and alternator 50) to reach electrode 
plate 82A. Wire 86D is bent at a point D, and extends under electrode plate 81 (between 
electrode plate 81 and alternator 50) lo reach electrode plate 82B. In addition, wire 86F is 
bent at a point E, and extends under electrode plate 81 (between electrode plate 81 and 
alternator 50) to reach electrode plate 82C. 

Here, wires 86A, 86C, 86E constitute "a plurality of first wires," and wires 86B, 86D, 
86F constitute "a plurality of second wires." 

MOS driver 27 oulputs a control signal to the gates of MOS transistors Trl to Tr6 
through wires 86A to 86F, respectively. 

Zener diode 21 is arranged in a space between substrate 84 and electrode plates 81, 
83, and connected between electrode plates 81 and 83. A capacitor 22 is arranged in a 
space between substrate 84 and electrode plates 81, 82C, 83, and connected between 
electrode plates 81 and 83. 

Electrode plate 81 attains a fimction as a positive bus vMch will be described later, 
and has one end connected to a tenninal 87. Electrode plate 81 receives a DC voltage 
ou^ fiom the battecy (not shown) through teiminal 87. Electrode plate 83 attains a 
ftmction as a ne^ve bus which will be described later, and is connected to a ground node. 

Fig. 2 is a plan view of MOS transistor Trl, and a cross-sectional view of MOS 
transistor Trl and electrode plates 81, 82A. Referring to Fig. 2, MOS transistor Trl 
includes a gate G, a source S and a drain D. Gate G is connected to wire 86A. Source S 
is arranged adjacent to gate G, and connected to electrode plate 82A by a wire GL. 
Therefore, in order to fecilitate connection of gate G and source S to wire 86A and electrode 
plate 82A through wire GL, respectively, MOS transistor Trl is airanged such that gate G is 
oriented to a side of rotation shaft 50A and source S is oriented to a side of electrode plate 
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82A. I>rain D is connected to electrode plate 8 1 . 

Each of MOS transistors Tr2 to Tr6 includes a gate G, a source S and a drain D in a 
manner similar to MOS transistor Trl, and arrangement thweof is also the same. 

In a large power element such as MOS transistors Trl to Tr6, in many cases, gate G 
is provided in a central portion of one side along a peripheral portion of the element as 
described above, so that a loiglfa of a signal iipit line coming fixnn die outside of the element 
is minimized and so that a pad for an ou^ terminal is made as large as possible. 

Therefore, if drain D of MOS transistors Trl to Tr6 is provided on a back surfece of 
the element, wire GL fix)m source S is provided such that it is drawn out of a side opposite to 
Has side where gate G is present. 

If MOS transistors Trl to Tr6 are arranged on electrode plates 81, 82A, 82B, 82C, 
in Older to attain a shorter length of wires 86A, 86B, 86C, 86D, 86E, 86F, GL, MOS 
transistors Trl to Tr6 should be arranged such that gate G is oriented to the side of rotation 
shaft SOA and source S is moited to the outer circumferential side. 

Then, MOS transistors Trl, Tr3, Tr5 constitute an tqjper arm of an inverter 
controlling a current fed to a coil of each phase of alternator 50, while MOS transistors Tr2, 
Tr4, Tr6 constitute a lower arm of tiie inverter controlling a currait fed to a coil of each phase 
of alternator SO. Accordingly, considering a direction of arrangement of MOS transistors 
Trl to Tr6, ammging electrode plate 81 in an innennost portion and arranging electrode 
plates 82A, 82B, 82C, 83 outside eledrode plate 81 is optimal, fiom a viewpoint of 
improved efficiency in cooling MOS tiansistors Trl to Tr6 (ammging MOS transistors Trl to 
Tr6 in an inner portion on the end surfiice of altanator 50 serves to cool MOS tiansistors Trl 
to Tr6 by a flow of air sucked from outside into alternator 50) or a shorter length of wires 
86A, 86B, 86C, 86D, 86E, 86F, GL. 

In addition, it is efficient to arrange electrode plate 83 on an outermost side, because 
electrode plate 83 inplem^ts a negative bus and can also be connected to a cover or a 
fiame of alternator 50 for connection to ground. 
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For these reasons, electrode plate 81 is arranged in the innermost portion, and 
electrode plates 82A, 82B, 82C, 83 are arranged outside electrode plate 81. 

Fig. 3 shows a cioss-sectional structure of alternator 50, viewed from a cross-section 
abng the line A-A shown in Fig. 1. Referring to Fig. 3, a rotor 55 is fixed to rotation shaft 
50A, and a rotor coil 54 is wound around rotor 55. Stators 56, 57 are fixed on an outer 
side of lotor 55, a U-phase coil 51 is wound around stator 56, and V-phase coil 52 is wound 
around stator 57. In Fig. 3, the stator having a W-phase coil wound is not showa 

Rotation shaft 50A has one end connected to a pulley 160, wWch transmits a torque 
generated by alternator 50 to a crank shaft of the engine or auxiliary machineiy through a belt 
and in turn transmits Has rotation power of die crank shaft of die engine to rotation shaft 50A. 

On the other end on a side opposite to one end of rotation shaft 50A connected to 
pulley 160, electrode plates 81, 83 are arranged so as to surround rotation shaft 50A. A 
brush 58 is arranged so as to be in contact with rotation shaft 50A. Substrate 84 is 
provided above rotation shaft 50A, and cjqiacitor 22 is arranged in fi-ont of substrate 84. 

An MOS transistor 40 is provided on a side opposite to capacitor 22, with electrode 
plate 81 lying therebetween. MOS transistor 40 has the drain connected to electrode plate 
81 and the source connected to rotor coil 54. When alternator 50 generates electric power, 
a power generation amount is determined depending on a rotor cunent flowing in rotor coil 
54. Therefore, MOS transistor 40 feeds rotor coil 54 with a rotor current necessary for 
alternator 50 to generate an instaucted amount of electric power. 

In tills manna-, MOS transistor 40 continuing tiie rotor cunent determining a power 
generation amount of altonator 50 is arranged on a back side of substixite 84 when viewed 
fixjm a direction B. 

Fig. 4 is a cross-sectional view showing an airangemrat of electrode plates 81, 82B, 
82C, 83 and flie like viewed fixrai the cross-section along the line A-A shown in Fig. 1. 
Refening to Fig. 4, wires 86C, 86E, 86F are arranged on tiie left of rotation shaft 50A, and 
elecbxxie plates 81, 82C, 83 are successively arranged toward an outer circumferential side 
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of wires 86C, 86E, 86F. Here, wires 86C, 86E, 86F and electrode plates 81, 82C are 
arranged in an identical plane. Electrode plate 83 is arranged below wires 86C, 86E, 86F 
and electrode plates 81, 82C, and electrode plate 83 partially overlaps with electrode plate 
82C. 

On the right of rotation shaft 50A, wire 86D and electrode plates 81, 82B, 83 are 
successively arranged. A portion of wire 86D and electrode plates 8 1 , 82B are arranged in 
an identical plane. Electrode plate 83 is arranged below a portion of wire 86D and 
electrode plates 81, 82B, and electrode plate 83 partially overlaps witii electrode plate 82B. 
MOS transistor Tr4 is arranged on electrode plate 82B. Wire 86D is arranged between 
rotation shaft 50A and electrode plate 81 so as to surround rotation shaft 50A until it reaches 
point D (see Fig. 1). After wire 86D is bent at point D, it extends under electrode plate 81 
and is connected to the gate of MOS transistor Tf4. 

In this manner, electrode plate 83 is arranged below the plane where electrode plates 
81, 82B, 82C are arranged, that is, on a side closer to Has alternator. 

Fig. 5 is a circuit block diagram of generator-motor 100 and a battery 10. A 
control circuit 20 includes Zener diode 21 arranged between substrate 84 and electrode 
plates 81, 83, capacitor 22 arranged between substrate 84 and electrode plates 81, 82C, 83, 
MOS transistors Trl, Tr3, Tr5 arranged on electrode plate 81, MOS transistors Tr2, Tr4, 
Tr6 arranged on electrode plates 82A to 82C respectively, power source 26 arranged on 
substrate 84, MOS driver 27, custom IC 70, MOS transistor 40, and a diode 41 . 

MOS transistors Trl, Tr2 constitute a U-i*ase arm 23, MOS transistors Tr3, Tr4 
constitute a V-phase arm 24, and MOS transistors Tr5, Tr6 constitute a W-phase arm 25. 

Custom IC 70 is constituted of a synchronous rectifier 28 and control units 29, 30. 
A rotation angle sensor 60 is contained in alternator 50. 

Alternator 50 includes U-phase coil 51, V-phase coil 52, W-phase coil 53, and rotor 
coil 54. U-phase coil 5 1 has one end 5 1 A connected to a node Nl between MOS 
transistor Trl and MOS transistor Ti2. V-phase coil 52 has one end 52A connected to a 
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node N2 between MOS transistor Tr3 and MOS transistor Tr4. W-phase coil 53 has one 
end 53A connected to a node N3 between MOS transistor Tr5 and MOS transistor Tr6. 

A fuse FUl is connected between a positive electrode of battay 10 and control 
circuit 20. That is, fiise FUl is arranged on a side of battery 10, radier than a side of Zener 
diode 21. hi this manner, by arranging fuse FUl on the side of battery 10 radier flian die 
side of Zener diode 21, detection of oveicurrent is no longer necessary and control circuit 20 
can be reduced in size. A fiise FU2 is connected between the positive electrode of battery 
10 and power source 26. 

Zener diode 2 1 and cq)acitor 22 are connected in parallel between a positive bus LI 
and a negative bus L2. 

U-phase aim 23, V-phase aim 24, and W-phase arm 2S are connected in parallel 
between positive bus LI and negative bus L2. Zener diode DTI is connected in parallel to 
MOS transistor Ti2 between node Nl and negative bus L2. Zener diode DT2 is connected 
in parallel to MOS transistor Tr4 between node N2 and negative bus L2. Zener diode DT3 
is connected in parallel to MOS transistor Tr6 between node N3 and negative bus L2. 

MOS transistor 40 is coimected between the positive electrode of battery 10 and a 
node N4. Diode 41 is connected between node N4 and a ground node GND. 

Here, diodes connected in parallel to MOS transistors Trl to Tr6, 40 respectively are 
parasitic diodes formed between MOS transistors Trl to Tr6, 40 and a semiconductor 
substrate respectively. 

Battery 10 ou^uts, for example, a DC voltage of 12V. Zener diode 21 absorbs a 
surge voltage generated between positive bus LI and negative bus L2. hi oflier words, 
Zener diode 21 absorbs a surge voltage when the surge voltage not smaller than a prescribed 
voltage level is applied between positive bus LI and negative bus L2, and lowers the DC 
voltage applied to capacitor 22 and MOS transistors Trl to Tr6 to a level not larger than the 
prescribed voltage level. Therefore, it is not necessary to secure laige c^iacitance of 
capacitor 22 and large size of MOS transistors Trl to Tr6, considering the surge voltage. 
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As a result, capacitor 22 and MOS transistors Trl to Tr6 can be reduced in size. 

Capacitor 22 smoothes an input DC voltage, and supplies the smoothed DC voltage 
to U-phase ann 23, V-phase arm 24, and W-phase arm 25. MOS transistors Trl to Tr6 
receive a control signal fixnn MOS driver 27 at the gates, and are turned on/oflF in accordance 
widi tiie received control signal. Then, MOS transistors Trl to Tr6 switch the direct current 
flowing in U-phase coil 51, V-phase coil 52, and W-phase coil 53 of alternator 50 by the DC 
voltage siqjplied flxan capacitor 22, so as to drive altemator 50. In addition, MOS 
transistors Trl to Ti6 convert an AC voltage generated by U-phase coil 51, V-phase coil 52, 
and W-phase coil 53 of altemator 50 to flie DC voltage in accordance wifli the control signal 
from MOS driver 27, so as to charge battery 10. 

Zener diodes DTI to DT3 prevent appUcation of overvoltage to MOS transistors Ttl, 
Tr4, Tr6 when U-phase coil 51, V-phase coil 52, and W-phase coil 53 of altemator 50 
generate electric power, respectively. In oflier words, Zener diodes DTI to DT3 protect 
the lower arm of U-phase arm 23, V-phase arm 24, and W-phase arm 25 when alternator 50 
is in a power gena:ation mode. 

Power source 26 receives the DC voltage output from battery 10 through fiise FU2, 
and siqjplies the received DC voltage to MOS driver 27 as two DC voltages having different 
voltage levels. More specifically, power source 26 generates, for example, a DC voltage of 
5V based on the DC voltage of 12V received from battery 10, and siq)plies to MOS driver 
27 the generated DC voltage of 5V and die DC voltage of 12V received from battery 10. 

MOS driver 27 is driven by the DC voltages of 5V and I2V siqyplied fixnn power 
source 26. Thai, MOS driver 27 genraates a control signal for turning on/oflFMOS 
transistors Trl to Tr6 in synchronization with a synchronization signal from synchronous 
rectifier 28, and outputs the generated corftol signal to the gates of MOS transistors Trl to 
Tr6. More specifically, MOS driver 27 generates the control signal for turning on/ojffMOS 
transistors Trl to Tr6 in the power generation mode of altemator 50 based on 
synchronization signals SYNGl to SYNG6 from synchronous rectifier 28, and generates the 



- 14- 



JP2003-061767 



control signal for turning on/oflf MOS transistors Trl to Ti6 in a drive mode of altemate)r 50 
based on synchroniaation signals SYNMl to SYNM6 from synchronous rectifier 28. 

Upon receiving a signal GS from control unit 30, synchronous rectifier 28 generates 
synchronization signals SYNGl to SYNG6 based on timing signals TGI to TG6 from control 
unit 29, and outputs generated synchronization signals SYNGl to SYNG6 to MOS driver 27. 
In adMao, iqxm receiving a signal MS from control unit 30, synchronous rectifio* 28 
gaierates synchronization signals SYNMl to SYNM6 based on timing signals TMl to TM6 
from control unit 29, and outputs generated synchronization signals SYNMl to SYNM6 to 
MOS driver 27. 

Control unit 29 receives angles 91 , 62, 93 from rotation angle sensor 60, and detects 
the number of revolutions MRN of rotor 55 included in alternator SO based on received 
angles 91, 92, 93. 

Angle 91 represents an angle between a direction of magnetic force generated by U- 
phase coil SI and a direction of magnetic force generated by rotor coil 54. Angle 92 
represents an angle hetweea a direction of magnetic force generated by V-phase coil 52 and 
a direction of magnetic force generated by rotor coil 54. Angle 93 represents an angle 
between a direction of magnetic force generated by W-phase coil 53 and a direction of 
magnetic force generated by rotor coil 54. Angles 91 , 92, 93 periodically vary in a range 
from 0° to 360°. Therefore, control unit 29 detects the numba: of revolutions fliat 
periodically varies in a prescribed time period in a range from 0° to 3 60° , so as to obtain the 
number of revolutions MRN. 

Thai, control unit 29 detects a timing of voltages Vui, Vvi, Vwi induced in U-phase 
coil 51, V-phase coil 52, and W-phase coil 53 of alternator 50 based on angles 61, 62, 63, 
and generates timing signals TGI to TG6 indicating a timing of tum-on/off of MOS transistors 
Trl to Tr6 for converting voltages Vui, Vvi, Vwi induced in U-phase coil 51, V-phase coil 52, 
and W-phase coil 53 to DC voltJ^es based on that detected timing. 

In addition, ccxilrol unit 29 generates timing signals TMl to TM6 indicating a timing of 
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tum-on/ofFof MOS transistors Trl to Tr6 for causing alternator 50 to operate as a drive 
motor, based on angles 91, 92, 93 and the detected number of revolutions MRN. 

Then, control unit 29 outputs genoBted timing signals TGI to TG6, TMl to TM6 to 
synchronous rectifier 28. 

Qxitrol unit 30 receives signal M/G, signal RLO, and signal CHGL fiom an externally 
provided eco-nm ECU (Electrical Control unit) (\n*ich will be described lata-). In addition, 
control unit 30 receives voltages Vu, Vv, Vw ^lied to U^phase coil 5 1, V-phase coil 52, 
and W-phase coil 53 of alternator 50. 

Control unit 30 determines whether alternator 50 is to operate as a generator or a 
drive motor, based on signal M/G. When control unit 30 determines that alternator 50 is to 
operate as the generator, control unit 30 generates and outputs signal GS to synchronous 
rectifier 28. On the ottier hand, v/hean control unit 30 determines that alternator 50 is to 
operate as the drive motor, control unit 30 determines a manner of current feed to U-phase 
coil 51, V-phase coil 52, and W-phase coil 53 based on voltages Vu, Vv, Vw, and generates 
signal MS for driving alternator 50 in accordance widi die detomined current feeding manner, 
for output to synchronous rectifier 28. 

In addition, control unit 30 calculates a rotor current in order for alternator 50 to 
generate an instructed amount of electric power, based on signal RLO. Control unit 30 
generates a signal RCT for feeding the calculated rotor current to rotor coil 54, and ouQnits 
the genoated signal to the gate of MOS transistor 40. 

Moreover, control unit 30 provides temperature information of MOS transistor 40 to 
outside in a signal fimnat, based on signal CHGL. 

MOS transistor 40 sets the rotor current supplied fi"om battery 10 to rotor coil 54 to 
a prescribed value, based on signal RCT fixam control unit 30. Here, diode 41 serves as a 
fiee wheel diode in conlrolling tuming-off" of the rotor. 

Alternator 50 operates either as the drive motor or as the generator. Alternator 50 
generates a prescribed torque imder the control of control circuit 20 at the start of the engine 
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in the drive mode v/hece it operates as flie drive motor, and starts the engine using the 
generated prescribed torque. In addition, alternator 50 drives auxiliary machinety using the 
generated torque during a period except for start of flie engine. 

Moreover, alternator SO generates an AC voltage in accordance with the rotor 
current flowing in rotor coil 54 in the power generation nxxle where it operates as the 
generator, and siqjplies the generated AC voltage to U-phase arm 23, V-phase arm 24, and 
W-phase arm 25. 

Rotation angle saisor 60 detects angles 61 , 92, 93, and outputs detected angles 01 , 
92, 93 to control unit 29. 

An overall operation in generator-motor 100 will now be described. Control unit 30 
determines whether alternator 50 is to operate as a generator or a drive motor, based on 
signal M/G fixnn the eco-run ECU. When contiiol unit 30 determines that alternator 50 is to 
operate as fte generator, contix>l unit 30 generates and outputs signal GS to synchronous 
rectifier 28. Contiiol unit 30 generates signal RCT based on signal RIX) from flie eco-nm 
ECU, and outputs the generated signal to the gate of MOS transistor 40. 

Then, MOS toansistor 40 switches the rotor current supplied from battery 10 to rotor 
coil 54 in response to signal RCT. Rotor 55 of alternator 50 is rotated by the rotation 
power of the engine. Then, alternator 50 generates a designated amount of electiic power 
and stqjplies die electric power to U-phase arm 23, V-phase arm 24, and W-phase arm 25. 

On the other hand, upon receiving angles 91, 92, 93 from rotation angle sensor 60, 
control unit 29 goierates timing signals TGI to TG6, TMl to TM6 with the method described 
above based on received angles 01 , 92, 93, and oti^uts the generated timing signal to 
synchronous rectifier 28. 

Synchronous rectifier 28 generates synchronization signals SYNGl to SYNG6 in 
syndiKMiization with timing signals TGI to TG6 based on signal GS fixm contix)l unit 30, and 
outputs the same to MOS driver 27. MOS driver 27 generates the control signal for turning 
on/offMOS transistors Trl to Tr6 in synchrraiization with syndnonization signals SYNGl to 
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SYNG6, and outputs the control signal to the gates of MOS transistors Trl to Tr6. 

Then, MOS transistors Trl to Tr6 are turned on/ofFby the control signal from MOS 
driver 27, and converts the AC voltage generated by alternator 50 to the DC voltage, so as 
to charge battery 10. 

Here, Zener diodes DTI to DT3 absoib a surge voltage even if the surge voltage is 
superposed on the AC voltage generated by alternator 50. In other words, Zener diodes 
DTI to DT3 prevent plication of a voltage exceeding a withstand voltage to MOS 
transistors Tr2, Tr4, Tr6. In addition, Zraer diode 21 absorbs a surge voltage even if the 
surge voltage is siq)erposed on the DC voltage between positive bus LI and negative bus L2. 
In other words, Zener diode 21 prevents {plication of a voltage exceeding a withstand 
voltage to MOS transistors Trl, Tr3, Tr5. 

Whoi control unit 30 determines lhat alternator 50 is to be driven as the drive motor 
based on signal M/G, control unit 30 determines a manner of cunent feed to U-phase aim 23, 
V-phase arm 24, and W-phase aim 25 based on voltages Vu, Vv, Vw, and generates signal 
MS for driving alternator 50 in accordance wiOi tiie determined current feeding manner, for 
output to synchronous rectifier 28. 

Upon receiving angles 91, 92, 93 fixjm rotation angle sensor 60, control unit 29 
generates timing signals TGI to TG6, TMl to TM6 witii die method described above based 
on received angles 91 , 92, 93, and ou^nits the ^oated timing signal to synchronous rectifier 
28. 

Syndnonous rectifier 28 generates syndnxMiization signals SYNMl to SYNM6 in 
synchronization widi timing signals TMl to TM6 based on signal MS fiom oxitrol unit 30, 
and outputs the same to MOS driver 27. MOS driver 27 generates the control signal for 
turning on/oflFMOS transistors Trl to Tr6 in synchronization with synchronization signals 
SYNMl to SYNM6, and outputs the same to the gates of MOS transistors Trl to Tr6. 

Then, MOS transistors Trl to Tr6 are turned on/ofiFby the conlrol signal Sxsn MOS 
driver 27, and switches the current siqjpUed to U-phase arm 23, V-phase arm 24, and W- 
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phase arm 25 of alternator 50 fiom battery 10 so as to drive alternator 50 as the drive motor. 
In this manner, alternator 50 supplies a prescribed torque to a crank shaft of the engine at the 
start of the engine. In addition, alternator 50 siqjplies a prescribed torque to the auxiliary 
machinery. 

Here, Zener diode 21 absoibs a surge voltage generated between positive bus LI 
and negative bus L2 by tuming-on/ofiF of MOS transistors Trl to Tr6. In other words, 
Zener diode 21 prevents application of a voltage exceeding a withstand voltage to MOS 
transistors Trl, Tr3, Tr5. In addition, Zener diodes DTI to DT3 absorb a surge voltage 
even if MOS transistors Trl, Tr3, Tr5 are tumed on/off and the surge voltage is applied to 
MOS transistors Tr2, Tr4, Tr6. In other words, Zener diodes DTI to DT3 prevent 
plication of a voltage exceeding a withstand voltage to MOS transistors Ti2, Tr4, Tr6. 

As described above, MOS transistors Trl to Tr6 are arranged on electrode plates 81, 
82A to 82C provided on the end sur&ce of alternator SO. Such an arrangement is allowed 
because application of overvoltage to MOS transistors Trl to Tr6 is prevented and MOS 
transistors Trl to Tr6 are reduced in size by providing Zener diodes 21, DTI to DT3. In 
particular, as one Zener diode 21 protects three MOS transistors Trl, Tr3, Tr5, Zener diode 
21 protecting three MOS transistors Trl, Tr3, Tr5 can be arranged utilizing a space between 
substrate 84 and electrode plates 81, 83. 

In addition, as Zener diode 21 also prevents q>plication of ov^voltage to c{q>acitor 
22, a capacitance of capacitor 22 can be reduced. Consequently, capacitor 22 can be 
arranged in a space between substrate 84 and electrode plates 81, 82C, 83. 

By viitue of these fectois, overall control circuit 20 is reduced in size, and control 
circuit 20 can be arranged on tiie end surface of alternator 50. In other words, control 
circuit 20 can be arranged in a plane perpendicular to rotation shaft 50A, instead of in the 
longitudinal diFection of rotation shaft SOA of altonator SO. As a result, an area occupied by 
control circuit 20 can be reduced. 

Electrode plate 81 is arranged in the innermost portion, and electrode plates 82 A, 
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82B, 82C, 83 are arranged outside electrode plate 81. Each of MOS transistors Trl to Tr6 
is arranged on electrode plates 81, 82A, 82B, 82C such that gate G is oriented to the side of 
rotation shaft SOA and source S is oriented to the outer circumfoential side. 

Therefore, MOS transistors Trl to Tr6 are arranged in the inner portion on the end 
surfece of alternator 50, so that efficiency in cooling MOS transistors Trl to Tr6 by means of 
a flow ofair sucked fiom outside into alternator SO can be enhanced. In addition, wires 
86A, 86B, 86C, 86D, 86E, 86F can have shorter length and be simplified. 

Fig. 6 shows a block diagram of an engine system 200 including generator-motor 100. 
Referring to Fig. 6, engine system 200 includes battery 10, control circuit 20, alternator 50, 
an engine 1 10, a torque convoler 120, an automatic transmission 130, pulleys 140, 150, 160, 
an electromagnetic chitch 140a, a belt 170, auxiliary machinery 172, a starter 174, an 
electrobydraulic punp 180, a fiiel injection vah^e 190, an electric motor 210, a throttle valve 
220, an eco-run ECU 230, an engine ECU 240, and a VSC (Vehicle Stability Contiol)-ECU 
250. 

Alternator 50 is arranged proximate to engine 1 10. Control circuit 20 is arranged 
on the end surface of altemator 50, as described above. 

Engine 1 10 is started by altemator 50 or starter 174, and generates a prescribed 
output power. More specifically, engine 1 10 is started by altemator 50 at a start after stop 
in accordance with an economy running system (also referred to as "eco-run", "idle stop", 
"idling stop"), y^Ms engine 110 is started by starts- 174 at a start using an ignition key. 
Engine 1 10 provides the generated output power fiom a crank shaft 110a to torque converter 
120 or pulley 140. 

Torque converter 120 transmits rotation of engine 110 fi-om crank shaft 1 10a to 
automatic transmission 130. Automatic transmission 130 attains a fimction of automatic 
transmission control, sets the torque from torque converter 120 to a torque in accordance 
with transmission control, and provides the torque to an output shaft 130a. 

Pulley 140 contains electromagnetic chitch 140a, through which pulley 140 is 
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connected to crank shaft 110a of engine 110. Pulley 140 operates together with pulleys 
150, 160 via belt 170. 

Electromagnetic clutch 140a is turned on/oflFunder the control of eco-nm ECU 230, 
and connects/disconnects pulley 140 to/fiom crank shaft 1 10a. Belt 170 links pulleys 140, 
ISO, 160 with one another. Pulley ISO is connected to a rotation shaft of auxiliary 
machinety 172. 

Pulley 160 is connected to rotation shaft SOA of alternator SO, and turned by crank 
shaft 1 lOa of engine 1 10 or alternator SO. 

Auxiliaiy machinery 172 is inplem^ted by one or more of a compressor for air- 
conditioner, a power steering pump, and an engine-cooling water punp. Auxiliary 
machineiy 172 receives the output power fixnn alternator SO through pulley 160, belt 170 and 
pulley 1 50, and is driven by the received output power. 

Alternator SO is drivoi by control circuit 20. Alternator 50 receives the rotation 
power of crank shaft 1 10a of engine 1 10 through pulley 140, belt 170 and pulley 160, and 
converts the received rotation power to electric energy. In other words, alternator 50 
generates electric power by the rotation power of crank shaft 1 10a. Here, alternator 50 
generates electric power in the following two cases. That is, alternator 50 generates electric 
power when it receives the rotation power of crank shaft 1 1 Oa produced by drive of engine 
110 in a normal running state ofa hybrid vehicle equipped with engine system 200. hi 
addition, though engine 1 10 is not driven, alternator SO generates electric power upon 
receiving the rotation power transmitted to crank shaft 1 10a fiom driving ^eels in 
deceloation of the hybrid vdiicle. 

Alternator 50 is driven by control circuit 20, and outputs a prescribed output power 
to pulley 160. The prescribed output power is transmitted to crank shaft 1 10a of engine 
1 10 through belt 170 and pulley 140 when engine 1 10 is started, or it is transmitted to 
auxiliary machinery 172 through belt 170 and pulley 150 in driving auxiliary machineiy 1 72. 

Battery 10 supplies the DC voltage of 12V to control circuit 20, as described above. 
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Control circuit 20 converts the DC voltage fixmi battery 10 to flie AC voltage under 
the control of eco-run ECU 230 as described above, and drives alternator 50 using the 
obtained AC voltage. In addition, control circuit 20 converts the AC voltage generated by 
alternator SO to the DC voltage under the control of eco-run ECU 230, and charges battery 
10 using the obtained DC voltage. 

Starter 174 starts engine 1 10 under the control of eco-run ECU 230. 
Electrdiydraulic paxap 180 is contained in automatic transmission 130, and supplies a 
hydraulic fluid to a hydraulic control unit provided in automatic transmission 130 under the 
control of engine ECU 240. The hydraulic fluid serves to adjust an actuation state of a 
clutch, a brake and a one-way clutch widiin automatic transmission 130 by means of a control 
valve in the hydraulic control unit, so as to switch a shift state as required. 

Eco-run ECU 230 serves for switdiing on/off of electromagnetic clutch 140a, mode 
control of alternator SO and control circuit 20, control of starter 174, and control of an 
amount of power storage in battery 10. Here, Ifae mode control of alternator SO and control 
circuit 20 refers to control of the powo- generation mode in wiiich alternator SO attains a 
function as the generator and the drive mode in which alternator 50 attains a function as the 
drive motor. Eco-run ECU 230 goierates signal M/G for controlling the power generation 
mode and the drive mode, and outputs Ifae signal to control circuit 20. Here, a control line 
fix»n eco-run ECU 230 to battery 10 is not shown. 

In addition, eco-run ECU 230 detects the number of revohidons MRN based on 
angles 61 , 62, 63 fixnn rotation angle sensor 60 contained in alternator SO, \^etfaer or not the 
eco-run system has be«i started by a driver fiom an eco-nm switch, and oflier data. 

Fuel injection valve 190 controls injecticm of a fiiel under the control of engine ECU 
240. Electric motor 210 controls an opaiing position of throtfle valve 220 under the control 
of engine ECU 240. Throttle valve 220 is set to a prescribed opening position by electric 
motor 210. 

Engine ECU 240 serves for control of tum-on/off of auxiliary machinoy 172 except 
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for Ihe engine-coolmg water pump, control of drive of electrohydraulic pump 180, 
transmission control of automatic transmission 130, control of injection of a fuel by fiiel 
injection valve 190, control of an opening position of throttle valve 220 by electric motor 210, 
and other engine control. 

In addition, engine ECU 240 detects a tenqwratuie of engine-cooling water fixjm a 
temperature sensor, whether or not an accelerator pedal has been pressed down fixjm an idle 
switch, a degree of press-down of the accelerator from an accelerator press-down degree 
sensor, a steaing wheel angle from a steering wheel angle sensor, a vehicle speed from a 
vehicle speed sensor, a throttle opening position from a throttle opening position sensor, a 
shift position from a shift position soisor, the number of revolutions of die engine from an 
engine speed sensor, whether or not an operation to tum on/off of the air-conditiono- has 
been performed from a switch of die air-conditioner, and other data. 

VSC-ECU 2S0 detects whether or not a brake pedal has been pressed down fix)m a 
brake switch, and other data. 

Eco-run ECU 230, engine ECU 240 and VSC-ECU 250 mainly include a 
microcomputer, in which a CPU (Central Processing Unit) executes a necessary operation in 
accordance with a program written in an internal ROM (Read Only Memory) and a variety of 
types of control are e^lied based on a result of the operation. The result of the operation 
and detected data can be communicated as data, among eco-run ECU 230, engine ECU 240 
and VSC-ECU 2S0. Therefore, the data can be exchanged as required, and control can be 
e^Iied in a cooperative manner. 

An operation of engine system 200 will now be described. Eco-run ECU 230 is 
responsible for an automatic stop processing, a motor drive processing during engine stop, an 
automatic start processing, a motor-driv^ start processing, a motor control processing during 
running, and a motor control processing during deceleratioa 

First, the automatic stop processing will be described. Engine ECU 240 receives an 
engine-coohng water temperature THW, an idle switch, a batteiy voltage, a brake switch, a 
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vehicle speed SPD, and flie like. Then, engine ECU 240 detects w*eflier or not the 
accelerator pedal has been pressed down from the idle switch, and whether or not the brake 
pedal has been pressed down from the brake switch. 

When die automatic stop processing is started, engine-cooling water tenq)erature 
THW, \^ether or not the accelerator pedal has been pressed down, a voltage of battery 10, 
whether or not the brake pedal has been pressed down, vdiicle speed SPD, and the like are 
read in a work area of an RAM (Random Access Menuny) widiin eco-nm ECU 230. Eco- 
run ECU 230 determines whedier or not a condition for automatic stop is satisfied based on 
such data. Here, the condition for automatic stop is satisfied if all of the following conditions 
are met: for exanple, engine-cooling water temperature THW is within a range fixnn a bwer 
limit to an vcpper limit; vehicle speed SPD is Okm/h; and the like. 

When eco-nm ECU 230 determines that Ifae condition for automatic stop is satisfied, 
eco-run ECU 230 performs an engine stop processing. More specifically, eco-nm ECU 
230 instructs cutting-off of fuel supply to engine ECU 240. Engine ECU 240 controls fiiel 
injection valve 190 to stop fuel injection in response to the instruction of cutting-oflTof fuel 
supply, so as to completely close throttle valve 220. In this manner, fuel injection valve 190 
stops fuel injection, combustion in a combustion chamba of engine 1 10 is stopped, and the 
operation of engine 1 10 is stopped. 

The motor drive processing during engme stop will now be described. When the 
motor drive processing during engine stop is started, eco-nm ECU 230 controls control 
circuit 20 so as to turn on electromagnetic clutch 140a, to set the number of revohitions of 
alternator 50 to the target number of revoliitions during idle, and to drive altematcx' SO. 
More specifically, eco-run ECU 230 outputs signal M/G for causing alternator 50 to operate 
as the drive motor to control circuit 20. Then, control circuit 20 causes alternator 50 to 
operate as the drive motor with the method described above based on signal M/G from eco- 
nm ECU 230, and drives alternator 50 such that the number of revolutions thereof attains the 
target number of revohitions during idle. In this manner, rotation shaft 50A of altonator 50 



-24- 



JP2003-061767 



rotates and pulley 160 also rotates. 

The rotation power transmitted to pulley 160 is transmitted to crank shaft 1 10a 
through belt 170 and pulley 140, so that crank shaft 1 10a rotates at the target number of 
revohitions during idle. Ihoi, eco-run ECU 230 confimis that a state in vviiidi engine 110 
rotates at the target number of revohitions during idle is maintained for a cotain period of time. 

In this manner, vMseoffos 110 is stopped, the output powwfiom alternator 50 
rotates engine 1 10 at the number of revohrtirais equival«it to that during idle. Accordingly, a 
pressure in a cylinder of engine 1 10 having tfarotde valve 220 completely closed can 
sufficiently be lowered. In addition, a difference of a load torque between operation steps of 
engine 1 10 in which combustion does not take place is made smallo*, and variation in the 
torque during rotation can be reduced. As a result, rocking at the time of stop can be 
suppressed, and a driver will not feel uncomfortable vAasa engine 1 10 automatically stops. 

Thereafter, eco-run ECU 230 determines v/hsHiher or not a request to drive auxiliary 
machinery 172 has been issued. If eco-run ECU 230 determines that the request to drive 
auxiliary machinery 172 has been issued, it turns oflF electaximagnetic clutch 140a, and sets 
alternator 50 to the drive mode. In this case as well, alternator 50 is caxised to rotate at the 
target numbo* of revohitions during idle by the operation described above, and its rotation 
power is transmitted to auxiliary machinery 172 through pulley 160, belt 170 and pulley 150. 

The conqnessor for the air-conditioner and the power steoing punqi are thus driven. 
Here, as electromagnetic clutch 140a is turned off, crank shaft 1 10a of engine 1 10 does not 
rotate, hereby preventing waste of electric power and improving fiiel efficiency. 

In fliis manner, eco-run ECU 230 drives alternator 50 while engine 1 10 is stopped 
and rotates crank shaft 1 10a of engine 1 10 so as to perform a processing for reducing 
rocking, or drives auxiliary machineiy 172. 

The automatic start processing will now be described. When the automatic start 
processing is started, eco-run ECU 230 determines vdietiier or not a condition for automatic 
start is satisfied by reading data the same as that read for the automatic stop processing. 
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More specifically, eco-run ECU 230 deterniines fliat Ihe condition for automatic start is 
satisfied if one of the conditions for automatic start is not satisfied. 

Then, eco-run ECU 230 stops the motor drive processing during engine stop when it 
determines that the ccndition for automatic start is met. The automatic start processing is 
thus conq}leted. 

The motor-driven start processing will now be described. When the motor-drivoi 
start processing is started, eco-run ECU 230 issues an instruction to prohibit turn-on of the 
air-conditioner to engine ECU 240. Thm, engine ECU 240 stops driving of the air- 
conditioner if the air-conditioner has been tumed on. Load imposed in alternator SO can 
thus be mitigated 

Then, eco-run ECU 230 turns on electromagnetic clutch 140a, and sets alternator SO 
to the drive mode. Here, widi die same operation as described above, the rotation power of 
alternator SO is transmitted to crank shaft 1 10a through pulley 160, belt 170 and pulley 140, 
so that crank shaft 1 10a is rotated at the taig^ inmiber of revolutions during idle. 

Thereafter, eco-run ECU 230 diamines vtliether or not the number of revolutions of 
engine 1 10 attains the target number of revolutions during idle. If flie number of revolutions 
of engine 1 10 attains the target number of revolutions during idle, eco-run ECU 230 issues an 
instructicHi to start fiiel injection to engine ECU 240. Then, engine ECU 240 controls fiiel 
injection valve 190 so as to inject fiiel, and fiiel injection valve 190 starts injection of die fiiel. 
Engine 110 is thus started and starts its operation. 

Here, engine 110 is quickly started because the fiiel injection is started after the target 
number of revolutions during idle has been attained. In addition, engine 1 10 attains stable 
number of revolutions in a short period of time. Moreover, as crank shaft 1 10a of engine 
1 10 is rotated by the output power fiom altanator 50 until fiiel injecti(Mi is started, the vehicle 
can start to move by a creep force generated by torque converter 120 in a noo-lockiq) state, 
provided that the torque output fiom alternator 50 is sufficient^ hig}i. 

In this manner, in the motor-driven start processing, altonator SO is ddvea in the drive 
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mode. 

The motor control processing during nmning will now be described. When the 
motor control processing during running is started, eco-run ECU 230 determines whether or 
not start of raigine 1 10 has been completed by the motor-driven start processing. If eco-run 
ECU 230 determines that the start of engine 1 10 has been conq)leted, die motor-driven start 
processing is stopped. Then, eco-nm ECU 230 issues an instruction to permit tuming-on of 
the air-conditioner to engine ECU 240. In response, engine ECU 240 makes a switch such 
that the compressor for the air-conditioner operates together with rotation of pulley 150 if ttie 
air conditioner has been turned on, so as to allow drive of the air-conditioner. 

Thereafter, eco-run ECU 230 determines wiiether or not Ae vehicle is in deceleration. 
Here, deceleration refers, for exaxaph, to a state in which the accelerator pedal has 
completely returned to its original position during running, that is, the idle switch has beoi 
turned on during running. Therefine, eco-nm ECU 230 detomines that die vehicle is not in 
deceleration if die idle switch is turned off. Then, eco-run ECU 230 turns on 
electromagnedc ckrtch 140a and sets alternator 50 to the power generation mode. More 
specifically, eco-run ECU 230 aatputs signal M/G for causing alternator 50 to operate in the 
power goieratirai mode to control circuit 20. Thai, control circuit 20 drives alternator 50 in 
the power generation mode with the mediod described above, in response to signal M/G fiom 
eco-run ECU 230. 

Then, the rotation power of crank shaft 1 10a of engine 1 10 is transmitted to the 
rotation shaft of alternator 50 duough pulley 140, belt 170 and pulley 160. Alternator 50 
generates electric power, and outputs the AC voltage to control circuit 20. Control circuit 
20 converts the AC voltage to the DC voltage in accordance with control of eco-run ECU 
230, so as to charge battery 10. The motor control jMocessing during nmning is flius 
conq)leted. 

In diis manna-, during normal running, diteasator 50 is driven in die power genoation 
mode, and the rotation power of engine 1 10 is converted to electric energy. 
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On the other hand, if eco-nin ECU 230 detennines that flie vehicle is in deceleration, 
the motor control processing during deceleration is performed. Finally, the motor control 
processing during deceleration will be described. When the motor control processing during 
deceleration is started, eco-run ECU 230 detennines whedier or not cutting-off of fiiel ripply 
in deceleration has been conqileted. Under a condition detramined as deceleration, fuel 
injection to engine 1 1 0 is stopped by a processing to cut ofiF fijel sapply during deceleration by 
aigine ECU 240, until the number of revohitions of engine 1 1 0 is lowered to attain the 
recovery referoice number of levohitians for detemuning retum to fiiel injection (that is, die 
target number of revolutions during idle). 

If the number of revohitions of flie engine is lowered to the recovery refwence number 
of revolutions, torque converts 120 is switched fiiom a lockup state to the non-lockup state 
and fiiel injection is resumed, so as to prevent oigine stall due to M of the nuntbo* of 
revohitions of die engine. 

If the fiiel is being cut off during deceleration, eco-run ECU 230 turns on 
electromagnetic chitch 140a, and sets alternator 50 to electric power generation at a power 
generation voltage hig^ than a normal power generation voltage. Accordingly, even if 
engine 1 10 is not operated, crank shaft 1 10a of engine 1 10 is rotated by rotation of wheels, 
and rotation of crank shaft 1 10a is transmitted to alternator SO tfarougji pulley 140, belt 170 
and pulley 160. Alternator SO generates the AC voltage. Therefore, enogy generated by 
running of a vehicle is recovered as electric power. In other words, the power generation 
mode of altranator 50 here is comparable to a regenerative mode. 

When die number of revohitions of engine is lowoed to die recovery referoice 
number of revolutions, engine ECU 240 ends the processing to cut off the fiiel supply. Then, 
eco-run ECU 230 detennines whedio- or not die number of revolutions of the engine is 
smaller flian die engine stall refaence number of revolutions. The engine stall reference 
number of revolutions is smaller tiian die recovery refoence number of revolutions. In 
addition, determination as to ^edier or not die numbo* of revolutions of die engine is smaller 
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than the engine stall reference number of revolutions is made in nder to identify a situation 
where the number of revolutions of the engine significantfy fells v/idcti may lead to engine stall 
in spite of resuming of fiiel injection. 

If eco-run ECU 230 deteraiines that the number of revolutions of the engine is higer 
than the engine stall leferoice number of revolutions, altemator SO is stopped. On the odier 
hand, if eco-run ECU 230 detemiines that the number of revolutions of the engine is smaller 
than the engine stall referaice number of revohitions, it turns on electromagnetic chitch 140a 
and drives altemator 50 so that the number of revolutions of ftus oigine attains the tai^et 
number of revolutions during idle. 

In this manner, the rotation power ofaltemator SO is transmitted to crank shaft 110a 
flnoug}! pulley 160, belt 170 and pulley 140, so as to rotate crank shaft 1 10a. Tlien, if eco- 
run ECU 230 determines that the number of revohitions of the engine has attained the target 
number of revohitions during idle, alternator 50 is stopped. 

If engine 1 10 has difBculty in returning fiom a fuel si^ly cut-off state to operation 
after tfie processing to cut off fuel siqjply in deceleration, the numbo* of revohitions of flie 
engine is raised by means ofaltemator 50, so as to prevent engine stall. 

In cold start of die oigine, eco-run ECU 230 controls starter 1 74 in accordance with 
manipulationofllieignitionswitcbbylfaedriver, and starter 174 starts engine 110. In 
addition, during normal running after die vdiicle equipped widi oigine Systran 200 is started, 
eco-run ECU 230 ouQnits signal M/G for causing alternator 50 to operate as the drive motor 
to control circuit 20, and control circuit 20 drives altemator 50 as the drive motor in response 
to signal M/G wifli &e operation described above. The torque generated by altemator 50 is 
transmitted to driving wheels of flie vehicle equipped with engine system 200 through pulley 
160, belt 170, pulley 140, crank shaft 1 10a, torque converter 120, automatic transmission 
130, and output shaft 130a. 

As described above, in engine system 200, control circuit 20 controlling altemator 50 
is provided on the end sur£ice ofaltemator 50, and drives altemator 50 as tfie drive motor or 
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the generator in accordance wifli flie instruction fixrai eco-run ECU 230. 

The generator-motor according to the present invention may be a generator-motor 
101 shown in Fig. 7. Referring to Fig. 7, in genaator-motor 101, though MOS transistors 
Trl to Tr6 are connected to electrode plates 82A to 82C, 83 by flat electrodes 91 to 96 
instead of wire bonding (W/B) in generator-motor 100 shown in Fig. 1, generator-motor 101 
is otfaermse die same as generator-motor 100. 

Each of flat electrodes 91 to 96 is made of a copper-based material, and has a 
tiiickness in a range fixnn 0.1 to 2.0mm. 

Flat electrode 91 connects the source of MOS transistor Trl to electrode plate 82A. 
Flat electrode 92 connects the source of MOS transistor Tr2 to electrode plate 83. Flat 
electrode 93 connects the source of MOS transistor Tr3 to electrode plate 82B. Flat 
electrode 94 connects the source of MOS transistor Tr4 to electrode plate 83. Flat 
electrode 95 connects the source of MOS transistor Tr5 to electrode plate 82C. Eat 
electrode 96 connects the source of MOS transistor Tr6 to electrode plate 83. 

Fig. 8 is a plan view of MOS transistor Trl shown in Fig. 7, and a cross-sectiOTal 
view of MOS transistor Trl and electrode plates 81, 82A. In Fig. 8, wire GL in Fig. 2 is 
replaced with flat electrode 91, and Fig. 8 is odierwise the same as Fig. 2. 

Flat electrode 91 connects source S of MOS transistor Trl to electrode plate 82A, 
and odierwise the description in connection with Fig. 2 also applies here. 

MOS transistors Ti2 to Tr6 shown in Fig. 7 are also connected to electrode plates 
82B, 82C, 83 by flat electrodes 92 to 96 respectively, in a mamiCT similar to MOS transistor 
Trl. 

In this manner, in generator-motor 101, MOS transistors Trl to Tr6 are connected to 
electrode plates 82A, 83, 82B, 83, 82C, 83 by flat electrodes 91 to 96, respectively. 

When MOS transistors Trl to Tr6 are connected to electrode plates 82A, 83, 82B, 
83, 82C, 83 by flat electrodes 91 to 96 respectively, heat generated in MOS transistors Trl 
to Tr6 is dissipated dirough flat electrodes 91 to 96. As a result, when MOS transistors Trl 
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to Tr6 are connected to electtode plates 82A to 82C, 83 by W/B as in generator-motor 100, 
a ratio of area of electrode plates 81, 82 A to 82C to that of MOS transistors Trl to Tr6 
should be set to not smaller than 6 in order to cool MOS transistors Trl to Tr6 so that 
ten(q)erature increase in MOS transistors Trl to Tr6 is not lai^erdian a tol^ On 
the other hand, when MOS transistors Trl to Tr6 are connected to electrode plates 82A to 
82C, 83 by flat electrodes 91 to 96 respectively as in generator-motor 101, a ratio of area of 
electrode plates 81, 82A to 82C to diat of MOS transistors Trl to Tr6 for cooling MOS 
transistors Trl to Tr6 so that tenq)erature increase in MOS transistors Trl to Tr6 is not larger 
dian a tolerance limit can be made smallo- than 6. 

Accordingly, if an area for MOS transistors Trl to Tr6 is constant, an area for 
electrode plates 81, 82A to 82C can be made smaller by connecting MOS transistors Trl to 
Tr6 to electrode plates 82A to 82C, 83 using flat electrodes 91 to 96 respectively. 

Here, it goes without saying that genoator-motor 101 is jqjplicable to engine system 

200. 

It is noted lhat alternator SO includes a stator and a rotor, and implements a "motor" 
attaining a function as the motor- generator. 

In addition, MOS transistors Trl to Tr6 constitute a "polyphase switching element 
groiq)" controlling a current to be fed to the stator. 

According to the description above, MOS transistors Trl to Tr6 control a current fed 
to U-phase coil 51, V-phase coil 52 and W-phase coil 53 of alternator 50. In the present 
invention, however, a switdiing elanoit such as an IGBT (bisulated Gate Bipolar Transistor), 
an NPN transistor, and die like may be employed instead of MOS transistors Trl to Tr6. 

In addition, in the present embodiment, tiiough the eco-run ECU and the engine ECU 
have separately been provided, one engine control ECU can be implemented by integrating 
their functions. Moreover, the transmission in the present embodiment is not limited to AT 
(what is called an automatic transmission), and it can be implemented by a combination of 
known transmissions such as a CVT and anMT. 
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fii Ihe present embodiment, though a function to drive flie auxiliary machinery is 
attained by electromagnetic clutch 140a, the fiinction to drive the auxiliary machinery may not 
be provided for sinq)]ification of the system (it is not necessary to provide electromagnetic 
clutch 140a). 

Furthermore, die present embodiment is ^licable to a hybrid vehicle in which the 
motor is able to generate a large driving force in spite of being adiq}ted to an eco-run system. 
The presort invention can be achieved even if alternator 50 is replaced by another well- 
known generator-motor (also referred to as a motor-generator). That is, a generator-motor 
capable of e^lying a torque necessary for driving tbs vdiicle or starting the engine should 
only be selected as appropriate. 

Although the present invention has been described and illustrated in detail, it is clearly 
understood that the same is by way of ilhistration and exanq)le only and is not to be taken by 
way of limitation. Hoe spirit and scope of Has presort irrvention being limited only by the terms 
of the appended claims. 
[Brief E)escripticm of the Drawings] 

Fig. 1 is a plan view of a generator-motOT according to the present invention. 

Fig. 2 is a plan view of an MOS transistor Trl shown in Fig. 1, and a cross-sectional 
view of MOS transistor Trl and electrode plates 81, 82A. 

Fig. 3 is a cross-sectional view along the line A-A shown in Fig. 1 . 

Fig. 4 is another cross-sectianal view along the line A-A shown in Fig. 1 . 

Fig. S is a circuit block diagram of die generator-motor and a battoy shown in Fig. 1 . 

Fig. 6 is a schematic block diagram of an engine system including the generator-motor 
shown in Fig. 1 . 

Fig. 7 is another plan view of the generator-motor according to the present invention. 
Fig. 8 is a plan view of an MOS transistor Trl shown in Fig. 7, and a cross-sectional 
view of MOS transistor Trl and electrode plates 81, 82A. 

Fig. 9 is a perspective view of a conventional starter-generator. 
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[Description of the Reference Characters] 

10 battery; 20 control circuit; 21, DTI, DT2, DT3 Zener diode; 22 capacitor; 23 U- 
phase arm; 24 V-phase arm; 25 W-phase arm; 26 power source; 27 MOS driver; 28 
synchronous rectifier, 29, 30 control unit; 40, Trl to Tr6 MOS transistor; 41 diode; 50 
alternator; 50A, 301B rotation shaft; 51 U-phase coil; 51A, 52A, 53A one end; 52 V-phase 
coil; 53 W-phase coil; 54 rotor coil; 55 rotor; 56, 57 stator, 58 brush; 60 rotation angle 
sensor; 70 custom IC; 81, 82A to 82C, 83 electrode plate; 84 substrate; 84A to 84D 
terminal; 85A to 85D, 86A to 86F, GL wire; 91 to 96 flat electrode; 100, 101 generator- 
motor; 1 10 engine; 1 10a crankshaft; 120 torque converter; 130 automatic transmission; 130a 
output shaft; 140, 150, 160 pulley; 170 belt; 172 auxiliaiy machinery; 174 starter, 180 
eledn^ydraulic pmip; 190 ftiel injection valve; 200 engine system; 210 electric motor; 220 
toottle valve; 230 eco-run ECU; 240 engine ECU; 250 VSC-ECU; 300 starter-generator; 
301 motor unit; 301 A end surftice; 302 drive unit; 302A cylindrical member; 302B power 
module; 303 radial direction; 304 longitudinal direction; FUl, FU2 fiise; LI positive bus; L2 
negative bus; S source; D drain; and G pte. 
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[Dociunent Name] Abstract 
[Abstract] 

[Subject] To provide a generator-motOT including a control device attaining high cooling 
eflBdency. 

[Solving Means] An electrode plate 81 is arranged in an inoetmost portion on an end 
sur&ce of an alternator so as to substantially fonn a U-shape. Electrode plates 82A, 82B, 
82C, 83 are arranged outside die electrode plate 81 so as to substantially form a U-shape. 
MOS transistors Trl, Tr3, Tr5 are arranged on die electrode plate 81 such that a gate is 
oriented to a side of a rotation shaft 50A and a source is oriented to a side of the electrode 
plates 82A, 82B, 82C. MOS transistors Tr2, Tr4, Tr6 are arranged on the electrode plates 
82A, 82B, 82C respectively such tiiat a gate is oriraited to the side of the rotation shaft SOA 
and a source is oriented to Ibe side of die electrode plates 82A, 82B, 82C. Wires 86A, 
86B, 86C, 86D, 86E, 86F are arranged between the rotation shaft SOA and the electrode 
plate 81. 

[Selected Drawing] Fig. 1 
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